In this paper we solved the temporal nonlinear two-dimensional GinzburgLandau equations using the Tanh method. We found analytical expressions for the components of the magnetic vector potential and the order parameter. We find several families of solutions.
Introduction
The Ginzburg-Landau (GL) theory [1] , appears as a phenomenological approach to explain superconductivity. In the case of type II superconductors, the mechanism used to describe the superconductor phase is a statistical phase transition of second order. The main physical concept is that the magnetic field penetrates through quantized magnetic vortices as the external magnetic field exceeds a threshold value. Then, the GL approach gives a second order set of nonlinear equations with boundary conditions. In general, these GL equations are really difficult to solve from the analytical point of view, instead, the numerical tool is most widely used. For instance, a review of the finite difference applied to GL problem is presented in reference [2] .
On the other hand, the use of the mathematical technique called solitary wave solution has been extensively used to find solutions to nonlinear partial differential equations [3] . For example, we can find methods like G'/G-expansion method, Painlevé method, Darboux transformation, ColeHopf transformation, among others. This article addresses the solution of the time-dependent Ginzburg-Landau equations in two dimensions using the tanh method [4] . The manuscript is organized as follows. Section (2), presents the time-dependent Ginzburg-Landau equations in two dimensions and a resume of the Tanh method. In section (3), the GLEqs are solved and explicit solutions of the magnetic vector potential and the scalar order parameter fields are presented. For section (4), we present results and conclusions.
The Ginzburg-Landau equations
The nonlinear time dependent bidimensional Ginzburg-Landau equations are:
The main goal is the search of solitary wave solutions for eqs. (1)- (2) . Then, we do the following transformations:
So, the derivatives under variable ξ are:
In general, collecting the results in eqs. (1)- (5) the partial differential equations of the model become a set of ordinary differential equations (odes). Then:
Here, the subindex i are the number of odes and j accounts for the number of fields involved in the model. Introducing a new independent variable in eq.
(6), we have:
Then, the derivatives of ξ in terms of Y are:
The method is based on the hypothesis that traveling wave solutions are given by a finite series of tanh functions. Then, the solution is postulated as:
The coefficients a 0,j , a 1,j ...a m,j are determined using a set of algebraic equations that come up from replacing eq. (8)- (9) in eqs. (6). Normally, the parameter m is given by the balance of the highest-order linear term with the nonlinear terms in the transformed equations.
The Solution
We choose the next set of solutions:
Where ξ is given eq. (4). Then, using eqs. (5), in eqs. (1-3) , we obtain:
Which corresponds to the set of odes shown in eqs. (6). Then, we suppose a solution for eqs. (11-13) are given by:
Also, we assume that Y is given by eq. (7). Therefore, replacing eqs. (14) and (8) in eqs. (11-13), we obtain:
Furthermore, we have to determine the parameters m, n and r in eqs. (14). Therefore, we balance the linear term of highest-order with the highest order nonlinear terms in eqs. (11-12).
(
Then, m = 1, n = 1 and r = 1. Therefore, using eqs. (14), we have:
We suppose a 1 = 0 and b 1 = 0. Replacing, eq. (21) and their derivatives in eqs. (15-17), we obtain:
As a result, we obtain a set of algebraic equations for eqs. (22-24), order by order, in Y i , with i = 0, 1, 2, 3, we get :
Using, eqs. (39-40) we have:
Also, from eq. (38):
From eq. (36) we have:
Using eq. (43) in eq. (35)
In addition, replacing eq. (43) in eq. (34)
From eq. (33)
In the same way from eq. (29-30)
And from eqs. (31-32)
At last, using (25-26)
And from (27-28)
And now c 0 has three solutions
Then, c 0 has 15 solutions. Now, we analyze c 1 :
Conclusions
This paper presents the tanh method applied to find solutions of the GinzburgLandau equations in two dimensions. The general structure of the solutions are:
Ψ(x, y, t) = a 0,i + a 1,i Y = a 0,i + a 1,i tanh (x + y − at) 
We find 576 families of solutions for the components of the magnetic vector field A x , A y and the scalar order parameter field Ψ. As a further work, the extension to 3 dimensions is straightforward.
